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Abstract
Background: Variation in the fat mass and obesity associated (FTO) gene has been reproducibly
associated with body mass index (BMI) and obesity in populations of White European origin. Data
from Asians and African-Americans is less conclusive.
Methods: We assessed the effect of 16 FTO polymorphisms on body mass in a large population of
predominantly lean Gambians (Nmax 2208) participating in a long-term surveillance program
providing contemporary and early-life anthropometric measurements.
Results: Sixteen FTO tagSNPs screened here, including several associated with BMI in Europeans,
were not associated with birth weight (BWT), early weight gain in 1–2 year olds, BMI in adults (≥
18 y), or weight-for-height (WFH) z-score across all ages. No association was seen between
genotype and WFH z-score or other measures of body mass. The confidence limits indicate that
the effect size for WFH z-score never exceeded 0.17 units per allele copy for any SNP (excluding
the three SNPs with allele < 15%). with much the lowest allele frequency. The confidence interval
of the effect size for rs9939609 did not overlap that reported previously in Europeans.
Conclusion: To our knowledge this is the first study of FTO gene variation in a well-characterised
African population. Our results suggest that FTO gene variation does not influence measures of
body mass in Gambians living a traditional lifestyle, or has a smaller effect than that detected in
Europeans. These findings are not directly comparable to results from previous studies in African-
Americans due to differences in study design and analysis. It is also possible that any effect of FTO
genotype on body mass is of limited relevance in a lean population where little excess food is
available, compared to similar ethnic populations where food supply is plentiful.
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Background
Variation in the FTO (fat mass and obesity associated)
gene has been shown to associate with body mass index
(BMI) and predisposition to obesity in several European,
Caucasian-American and Hispanic-American populations
[1-7]. The observed effect size of about 0.35 kg/m2 (0.1 z-
score units for BMI) per susceptibility allele in all studies
is substantial for a phenotype controlled by many genetic
and environmental factors. These results have been repli-
cated in several large sample sets of both children and
adults. Most of these studies report on associations
between BMI and one or more single nucleotide polymor-
phisms (SNP), with markers mapping to a stretch of about
50 kb within intron 1 of the FTO gene. None of these var-
iants are known to have a direct functional effect so they
are likely to be in linkage disequilibrium (LD) with the
true causative variant [8]. Genome-wide association stud-
ies of type 2 diabetes have also suggested an involvement
of FTO in the disease pathogenesis, although this is likely
to reflect the association with the associated phenotype of
obesity [1,9,10].
Data from studies in Asians did not initially seem to sup-
port a role of FTO variants in obesity in such populations
[11,12]. However, several larger studies of Chinese,
Malay, Korean and Japanese populations as well as Cana-
dians of South Asian origin and Inuit demonstrated asso-
ciations between FTO polymorphisms and BMI/obesity
with similar effect sizes compared to populations of Euro-
pean ancestry [13-18]. The association between polymor-
phisms in the FTO gene and BMI could not be confirmed
in an African-American population or an Oceanic popula-
tion, but a more recent study in African-Americans
reported some correlation [3,19,20].
We set out to assess variation in the FTO locus in a well-
characterised Gambian study cohort and this is, to our
knowledge, the first report on FTO in a native African pop-
ulation. Our study population is not comparable in terms
of BMI range to most previously studied obese popula-
tions. However, we hypothesized that given the previ-
ously reported size of effect of FTO variation on BMI,
effects within any range of BMI should be detectable even
in our predominantly lean study population. We further
hypothesized that an FTO-associated constitutive effect
might be more apparent in a population exposed to a
more homogeneous dietary environment. We studied
2208 Gambians from a rural subsistence farming popula-
tion suffering seasonal energy stresses. We assessed associ-
ations with weight-for-height (WFH) z-score at different
ages and with BMI in adults. Attention was also paid to see
whether effects in early in life could be detected (weight
gain in 1–2 year olds) or by sex. Since seasonal variations
in maternal energy balance and fat mass have a profound
influence on conception rates in this population [21,22]
we further hypothesized that FTO might influence repro-
ductive success and tested this using various indices of fer-
tility.
Methods
Study participants
DNA samples were originally obtained for a study
designed to investigate the association between genetic
markers and birth and early life anthropometry (summary
statistics shown in Table 1). Recruitment took place in
2002/3 and was based in three villages in West Kiang
(Keneba, Kanton Kunda, and Manduar) in which an ante-
natal/maternity program had been running since 1974.
All 2242 children whose mothers had participated in the
Keneba antenatal scheme (i.e. for whom birth weight
Table 1: Summary statistics on weight, height and BMI by age and sex at time of DNA collection
N mean (sd) weight-for-age
z-score*
mean (sd) height-for-age
z-score*
mean (sd) BMI
age (y) male female male female male female male female
1.75 – 5 105 91 -1.50 (0.93) -1.34 (0.96) -1.46 (1.18) -1.23 (1.20) 15.34 (1.32) 15.01 (1.51)
5 – 10 194 155 -1.57 (0.97) -1.54 (0.85) -1.20 (0.90) -1.20 (0.76) 14.41 (1.05) 14.28 (1.27)
10 – 15 152 171 -1.71 (1.00) -1.46 (1.03) -1.38 (1.03) -1.15 (0.91) 15.72 (1.55) 16.48 (2.26)
15 – 20 150 195 -2.12 (1.05) -0.80 (1.09) -1.49 (1.17) -0.80 (0.92) 17.80 (1.78) 20.51 (2.93)
mean (sd) weight, kg mean (sd) height, cm
20 – 25 96 142 60.91 (6.63) 55.19 (7.79) 173.20 (7.51) 160.53 (5.73) 20.27 (1.72) 21.35 (2.70)
25 – 30 23 133 64.62 (10.11) 55.73 (11.28) 175.15 (6.74) 160.34 (6.76) 21.08 (2.90) 21.63 (3.97)
30 – 40 55 145 64.28 (10.51) 57.79 (10.42) 170.65 (7.27) 158.73 (5.37) 21.88 (2.75) 22.97 (4.02)
40 – 50 66 126 63.41 (11.08) 56.99 (13.07) 169.83 (5.45) 158.26 (6.83) 21.89 (3.31) 22.77 (4.42)
50 – 60 73 92 61.51 (10.12) 54.70 (10.21) 167.91 (6.18) 158.10 (5.50) 21.65 (3.15) 21.86 (3.48)
> 60 77 91 54.40 (8.23) 51.02 (9.40) 164.52 (6.34) 156.01 (6.14) 19.98 (2.61) 21.01 (3.05)
Total 991 1341
* relative to UK standards [35]. UK reference data were used because the new WHO standards do not extend beyond 5 years of age.BMC Medical Genetics 2009, 10:21 http://www.biomedcentral.com/1471-2350/10/21
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(BWT) had been recorded) and their parents, grandpar-
ents, siblings and other close relatives provided the source
of potential subjects. This population is almost exclusively
Mandinka and socially homogenous. The attrition of
available data at each stage of the study are summarised in
Additional file 1, Table S1. There were 7 pairs of monozy-
gotic twins; one of each pair was randomly selected and
dropped from the analysis to avoid bias. Records/census
data on the inhabitants of the West-Kiang region since
1950 were available from the MRC Keneba database. This
includes demographic and anthropometric data on
~10,000 individuals and was used for establishment of
pedigree structures and determination of fertility indices.
Ethics approval was granted by the joint Gambia Govern-
ment/MRC Ethics Committee (SCC/EC L2007.46d) and
all subjects and/or legal guardians provided written,
informed consent.
Genetic analysis
DNA was extracted from whole blood or PBMCs using a
standard salting-out method according the protocol of the
DNA Bank at the MRC Laboratories in The Gambia [23].
LD and haplotype blocks across the FTO  locus were
assessed in the publicly available HapMap datasets for
Yoruba and Caucasians using the Haploview program
(default parameters based on r-square; http://
www.broad.mit.edu/mpg/haploview/; see Additional file
2, Figure S2) [24]. The SNP selection was confined to a
region of high LD in Caucasians of 47 kb spanning exon
2 and parts of intron 1 and 2 either side [1]. We selected
19 tagging SNPs based on HapMap Yoruba data across
this region using the 'Tagger' algorithm with a cut-off of r2
≥ 0.8 and a minor allele frequency (MAF) of > 0.1. Three
'key' SNPs as identified through previous associations
(rs9939609, rs17817449 and rs3751812) were force-
included [1,2]. Genotyping, was performed by KBio-
sciences http://www.kbioscience.co.uk/ using a modified
Taqman (Applied Biosystems http://www.appliedbiosys
tems.com/) assay. Three SNPs failed at the design stage,
and individuals with ≥ 50% missing genotype data were
excluded (N = 177); the average genotyping failure rate
across the remaining 16 markers was 6.47% (ranging
from 5.23 to 8.04%) for our sample set of 2350 individu-
als. Divergence from Hardy-Weinberg Equilibrium
(HWE) was assessed based on genotype data from the
whole sample set. All SNPs were in HWE except for
rs9935403 (P < 0.001), which is in line with the expected
number diverging from HWE at the P = 0.05 level. Based
on Yoruba HapMap data the 16 SNPs used for analysis
tagged 60 of 87 alleles with a mean r2 of 0.94 across the 47
kb region and 100% of all 87 alleles with r2 > 0.8. For fur-
ther details see Additional file 2, Figure S2.
Statistical analysis
All statistical analysis was performed using Stata (version
9, http://www.stata.com/). The current study looked at
the effect of genotype on two main outcomes: i) body
mass at different ages and ii) indices of female fertility. A
breakdown of sample numbers by outcome is shown in
Additional file 1, Table S1. Each outcome was regressed
separately on each SNP using, unless otherwise stated, a
multi-level model to allow for intra-family correlation.
The polygamous nature of this society and thus the com-
plex pedigree structure, e.g. presence of a large proportion
of half-sibs, made a standard family-based analysis
extremely difficult. A tractable, if cruder, analysis was
made possible by defining family groups as siblings shar-
ing the same mother. Each outcome was regressed sepa-
rately on each SNP using, unless otherwise stated, a multi-
level model to allow for intra-family correlation. Where
multi-level models were not practical, we made allowance
for family clustering by estimating robust (Huber-White)
standard errors [25]. For completeness we also analysed
the data accounting for relatedness according to clustering
by father. The inclusion of the random effect did not sub-
stantially change size of the estimated effect, reassuring us
that any confounding due to family clustering was negli-
gible. An additive genetic model was employed in all anal-
yses (coding genotypes as 0, 1 and 2). A dominance term
was added to each model to check the validity of this
assumption but in no case was it found to be significant.
We applied the Bonferroni correction to allow for multi-
ple testing based on data for 16 SNPs, but not accounting
for multiple outcomes. We are aware that this is too strin-
gent regarding the number of markers and not stringent
enough in terms of outcomes, however, our conclusions
are unlikely to change employing a different correction
factor. Each association was controlled for a number of
covariates believed to influence the outcome: child's year
of birth (as a linear trend) and village were always fitted
and maternal height for both BWT and early weight gain,
and sex for BWT and BMI. We also tested the sex-genotype
interaction for each body mass outcome.
(i) Body mass
Body mass was assessed as BWT, early weight gain in 1–2
year olds, BMI in adults as well as a WFH z-score analysed
over all ages.
Birth weight
BWT was fitted to genotype using generalised least squares
regression [26]. Uniquely for this outcome we examined
the effects of both offspring and maternal genotypes.
Early weight gain
We calculated an internal weight-for-age z-score (similar
to the weight-for-height z-score described in Additional
file 3, Methods S1) using all records from the routine
child clinic in Keneba. For those individuals for whom
weight measurements were recorded on at least five occa-
sions during the first two years of life, with at least one in
each of the first and second years of life, we regressed thisBMC Medical Genetics 2009, 10:21 http://www.biomedcentral.com/1471-2350/10/21
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weight-for-age z-score on age for each child and recorded
the fitted slope and its standard error. Those children
whose change in z-score could not be estimated accurately
(standard error > 0.4) were excluded from the analysis.
Finally, the association between the slopes of the remain-
der and genotype was examined using GLS regression.
Weight-for-height z-score
The study members covered a wide range of ages, includ-
ing a large percentage (46%) less than 18 years. Below this
age BMI is strongly age-dependent and unsuitable as a
measure of body composition. Instead we constructed an
internally calibrated WFH z-score (see Additional file 3,
Methods S1). GLS regression was used to examine its asso-
ciation with genotype. Information on season of measure-
ment was available and featured as covariates in this
analysis.
BMI
BMI (wt/ht2, kg/m2) was analysed for adults (over 18 y)
using GLS regression. Among adults this variable is closely
related to the weight-for-height score of the previous sec-
tion. It was included here to provide a direct comparison
with previous work. Additional file 1, Table S3 gives a
breakdown of BMI in our population.
(ii) Female fertility
We assessed age at first delivery, reproductive success and
seasonality of birth. For further details regarding the
methods applied please refer to the Additional file 3,
Methods S1.
Results
Summary statistics on body mass by age and sex are
shown in Table 1. The results of regression analyses for
WFH z-score for the whole sample are tabulated for each
SNP in Table 2. Results on BWT, early weight gain and
BMI for sample subsets are reported in Additional file 1,
Table S2. We observed no association with WFH z-score or
other measures of body mass despite reasonable preci-
sion. The standard error of the effect size (derived from
multiple regression models with covariates) for the WFH
z-score was approximately 0.033 units per allele copy, and
the corresponding 95% confidence interval less than 0.17,
for all SNPs. The confidence intervals for other measures
of body mass and all but the three SNPs with the lowest
allele frequencies (< 15%; rs3751812, rs9931494 and
rs9935403) indicate that the FTO genotype is unlikely to
be associated with differences per allele of greater than
0.12 in WFH z-score, 0.74 kg/m2 in BMI among adults, 80
g in BWT and 0.11 z-scores difference in growth rate in the
first 2 years of life. The exception was rs3751812, the SNP
with much the lowest allele frequency (4.4%). The 95%
confidence interval for the WFH z-score of rs9939609 (-
0.061, 0.065) did not embrace the lower bound (0.08) for
the equivalent effect on BMI z-score reported previously
in Europeans [1].
Table 2: Results for (A) weight-for-height z-score and (B) reproductive success§ for 16 SNPs in FTO gene
(A) weight-for-height zscore1 (B) Reproductive success§2
SNP base change MAF [%] coef CI95% p % diff in birth rate CI95% p
rs6499642 C/T 32.07 0.0373 (-0.0307, 0.1052) 0.2725 4.7% (-1.0%, 10.9%) 0.1017
rs6499643 C/T 43.07 0.0561 (-0.0073, 0.1194) 0.0767 0.1% (-5.0%, 5.5%) 0.9665
rs7206790 C/G 39.68 -0.0313 (-0.0950, 0.0324) 0.3262 -4.0% (-9.0%, 1.4%) 0.1354
rs9940646 C/G 41.26 0.0145 (-0.0497, 0.0788) 0.6511 -0.7% (-5.6%, 4.5%) 0.7842
rs12447107 C/G 31.31 0.0152 (-0.0526, 0.0831) 0.6534 -1.9% (-7.0%, 3.5%) 0.4801
rs17817288 A/G 37.91 -0.0016 (-0.0678, 0.0646) 0.9612 4.3% (-0.7%, 9.5%) 0.0845
rs16945088 A/G 40.91 0.0281 (-0.0365, 0.0927) 0.3846 5.1% (0.2%, 10.1%) 0.0356
rs17817449 G/T 34.50 -0.0039 (-0.0700, 0.0621) 0.9052 -0.9% (-5.6%, 4.0%) 0.7046
rs8063946 C/T 41.93 0.0127 (-0.0518, 0.0772) 0.6932 3.0% (-1.7%, 7.9%) 0.2068
rs3751812 G/T 4.39 0.0164 (-0.1376, 0.1703) 0.8317 7.2% (-2.7%, 18.1%) 0.1535
rs3751813 G/T 44.43 -0.0243 (-0.0883, 0.0397) 0.4471 4.2% (-0.8%, 9.4%) 0.0929
rs9939609 A/T 35.54 0.0019 (-0.0614, 0.0653) 0.9512 -3.3% (-7.7%, 1.3%) 0.1510
rs9931494 C/G 12.42 0.0479 (-0.0467, 0.1425) 0.3117 -1.5% (-7.7%, 5.2%) 0.6475
rs7190492 A/G 23.07 -0.0397 (-0.1136, 0.0342) 0.2828 -1.9% (-7.7%, 4.4%) 0.5421
rs7204609 C/T 46.76 -0.0168 (-0.0819, 0.0482) 0.6044 -3.1% (-7.6%, 1.6%) 0.1787
rs9935403 G/A 15.00 0.0644 (-0.0194, 0.1482) 0.1244 -0.8% (-7.2%, 6.0%) 0.8003
Key: SNP single nucleotide polymorphism; MAF minor allele frequency
§as number of babies born (interpreted taking account of the mother's age and duration of observation)
1 Sample size ranged between 2127 and 2164 and the number of family groups between 954 and 966 depending on SNP. Family group sizes ranged 
between 1 and 8.
2 Sample size ranged between 657 and 672 and number of family groups between 484 and 495 depending on SNP. Family group sizes ranged 
between 1 and 5. Total exposure ranged between 420 and 428 "reproductive lifetimes" and the number of births between 2985 and 3062.
The tabulated p-values are not corrected for multiple testing. The Bonferroni correction to account for testing 16 SNPs and achieve significance at 
the 5% level requires that the uncorrected p-value should be < 0.0033. In no case is this cut-off reached.BMC Medical Genetics 2009, 10:21 http://www.biomedcentral.com/1471-2350/10/21
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We note that dropping covariates made little difference to
the effect sizes measured. Reanalysis based on clustering
by father (rather than mother) had no effect on our find-
ings. The analysis accounting for possible sex differences
did show that no genotype effect varied significantly
between the sexes for any body mass outcome.
We found no association of FTO SNPs with reproductive
success (as number of babies born, Table 1), nor with age
at first delivery or seasonality of birth (see Additional file
1, Table S2). The confidence intervals indicate that we
should have been able to detect a 10% difference in repro-
ductive success.
Discussion
We set out to test for an effect of FTO variation on meas-
ures of body mass in a population of predominantly lean
Gambians from a rural subsistence farming environment.
The availability of anthropometric measures spanning
from birth to each subject's current age allowed us to
investigate the possibility that putative associations
between  FTO  and body mass may be differentially
expressed during different ages. In this rural Gambian
population fetal growth is generally constrained with
additional seasonal stresses when mothers are in negative
energy balance in the hungry season [22]. Infant growth is
extremely poor as a consequence of nutrient deficits and
high levels of infections, and children deteriorate sharply
compared to international growth standards (see Table 1)
[27]. Adults are generally very lean (see Additional file 1,
Table S3) and suffer seasonal variations in energy balance
amounting to up to 50% annual variation in adipose tis-
sue mass [21]. We thus assessed separately BWT, early
weight gain in 1–2 year olds, and BMI in adults (> 18 y),
as well as a WFH z-score for the whole population. We
used internally calibrated WFH z-score as outcome meas-
ure (see Additional file 3, Methods S1) because almost
half of our study participants were under 18 years, and
BMI is not suitable in young individuals. Our results on
all four of these measures showed no association with
SNPs in the first intron of the FTO gene in Gambians. The
confidence intervals of our estimates indicate that there is
a difference in effect size between Europeans and Africans,
however, these populations are exposed to very different
environments (e.g. nutrition) and any interaction
between gene and environment could have given rise to
differences in the size of genetic effect we measure. In the
specific case of the association between variant rs9939609
and WFH z-score, the 95% confidence limits allow a max-
imum increase of 0.065 z-score units for each additional
copy of the A allele. Previous studies have shown an
increase in BMI of 0.10 z-score units per copy with a lower
confidence bound of 0.08 [1], i.e. higher than our maxi-
mum. Similar effect sizes to those initially reported for
FTO for the same or neighbouring polymorphisms have
been reported by others in Europeans, Caucasian Ameri-
cans and Hispanics, thus supporting a role for genetic var-
iation in the FTO gene in affecting BMI across the range as
well as obesity in such populations [2-7]. Most studies
have focused on the comparison of obese versus non-
obese individuals, and FTO is viewed as a 'fat' gene. How-
ever, the mode of action of FTO remains unknown and it
is interesting to note that the A allele (favouring fatness)
is the ancestral allele and the T allele has appeared more
recently, encouraging the view that studies across different
levels of fatness may help to uncover its mechanism of
action.
FTO  gene variants have also been assessed as determi-
nants of fat mass around birth by three studies in Cauca-
sians, neither of which found an effect on BWT [1,28,29].
The study by Lüpez-Bermejo also looked at early postnatal
affects and reported an association of rs9939609 with
cord blood visfatin, and weaker evidence for associations
with weight and ponderal index, total, truncal and
abdominal fat and weight gain in the first two weeks of
life. The Danish longitudinal study, representing a wide
range of BMI in adolescence (thus potentially overlapping
more with our lean African population), reported the
same SNP to be associated with increasing BMI z-score at
all ages, weight gain from birth to age 7 and a second
increase in BMI z-score from adolescence and early adult-
hood onwards [29]. Our analysis was not able to deter-
mine very early effects, although we did assess weight gain
in 1–2 year olds, which did not appear to be affected by
polymorphisms in the FTO gene. In a study of Swedish
children Jacobsson et al. reported a differential effect of
rs9939609 on BMI according to the sex of the child [30].
These authors did not, however, test this interaction statis-
tically and indeed, given the large overlap between the
confidence intervals of the ORs for boys and girls, it is
unlikely that this difference was statistically significant.
We saw no evidence for a genotype-sex interaction with
any of the body mass measurements we recorded.
Initial studies in Asians showed no association between
FTO variants and BMI in Han Chinese, an Oceanic popu-
lation, Japanese or Chinese and Oji-Cree living in Canada
[11,12,18,19]. However, other studies in Chinese, Kore-
ans, Malay, Japanese, as well as Canadians of South Asian
and Inuit origin, presented support for a role of polymor-
phisms in the FTO gene and obesity in such populations
[13-18]. Although the allele frequency of rs9939609 is
substantially lower in Asians, the effect size on BMI
appears to be comparable to populations of European
ancestry. It is thus possible that an effect could only be
seen in the later larger studies which had more statistical
power.
There appear only to be two studies in African-Americans
to date and the findings from these are inconclusive. Scu-
teri et al reported a lack of association between FTO varia-BMC Medical Genetics 2009, 10:21 http://www.biomedcentral.com/1471-2350/10/21
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tion and BMI in 968 African-Americans and our data in
Gambians are in line with these findings [3]. The study by
Grant and colleagues described a correlation between a
SNP (rs3751812, P = 0.017, OR = 1.3, 95%CI 1.1–1.6) in
the FTO  gene and obesity in young African-Americans
(578 obese vs 1424 controls) [20]. However, none of the
other 12 polymorphisms genotyped in this region were
associated with obesity. The possibility that the result for
rs3751812 may represent a false positive finding cannot
be excluded at this stage. We did not replicate the
observed association with rs3751812 in our Gambian
population, however, a direct comparison is not possible
due to the different nature of study populations and the
use of a binary versus a quantitative outcome measure in
Grant's and our study, respectively.
Discrepancy in observations from the above mentioned
studies in African-Americans could indicate that these
populations are admixed, i.e. genetically heterogeneous,
as expected given their ancestry. This and differences
between study populations (such as the study of obese/
non-obese subjects), differences in the environment or
population specific biases could also explain discrepan-
cies in the comparison of data from different African-
American studies or in the comparison with data from
native Africans. We observed some differences in MAF for
the rs3751812 variant, with similar frequencies around
10% African-Americans and around 4–6% in Gambians
and Yoruba (YRI). (In our study rs3751812 had much the
lowest allele frequency and hence our power to detect an
association with BMI would have been weaker than for
other SNP.) Yet, HapMap data comparing Yoruba and
African-Americans in Grant's study show a broadly similar
LD pattern across this locus (see Additional file 2, Figure
S2 and figures in [20]). The LD heat map based on our
own data in Gambians is also very similar to that in YRI.
The strength in our analytical approach is that our study
population was recruited in the West Kiang region of the
Gambia which is ethnically very homogenous (95% Man-
dinka), so population substructure is unlikely to affect our
results. Furthermore, given the availability of the large
amount of anthropometric data for the majority of our
2208 study participants measured at numerous time
points we were able to assess a possible role of FTO varia-
tion on body mass at different ages.
Our second prior hypothesis was that genetic variation in
the FTO gene might affect fertility given the strong influ-
ence of body fat on female reproductive function that is
readily detectable within this population [31]. Given that
we did not detect a correlation with measures of body
mass in our study, it is maybe not surprising that we
observed no association with fertility-related phenotypes
and FTO SNPs in our analysis.
Conclusion
Despite having sufficient power to detect a difference of
only 0.065 z-score for BMI our study failed to detect asso-
ciations between FTO  polymorphisms and a range of
measures of body mass across the life-course (BWT, early
weight gain, BMI and WFH z-score) or fertility in Gambi-
ans. There can be two explanations for such a result: either
that there truly is no/little association, or that an underly-
ing constitutive effect is only revealed by an obesogenic
environment. Suggestions that FTO may operate by mod-
ulating appetite [32-34] would potentially support the lat-
ter view, and may be clarified by further studies in
overweight and obese native Africans. To the best of our
knowledge this is the first report on genetic variation in
the FTO gene in a native African population. Given that
highest levels of genetic diversity (i.e. low LD) exists in
Africa, such studies might also assist in fine-mapping
causative variants and mechanisms.
Abbreviations
BMI: body mass index [35]; BWT: birth weight; FTO: fat
mass and obesity associated; HWE: Hardy-Weinberg equi-
librium; LD: linkage disequilibrium; MAF: minor allele
frequency; OFRE: observed fraction of reproductive effort;
SNP: single nucleotide polymorphism; WFH: weight-for-
height; YRI: Yoruba.
Competing interests
The authors declare that they have no competing interests.
Authors' contributions
AJF extracted previous data for this sample cohort, carried
out all statistical analyses and drafted the manuscript. BJH
coordinated and designed the genetic aspects of the study
and drafted the manuscript. GS coordinated the DNA
sample collection and helped draft the manuscript. PRS
carried out the field work including sample and data col-
lection. ATH helped draft the manuscript. TMF partici-
pated in the design of the study, coordinated the
genotyping and helped draft the manuscript. AMP con-
ceived of the study and drafted the manuscript. All
authors read and approved the final manuscript.
Additional material
Additional file 1
Tables S1–S3. Table S1 gives a sample size breakdown by outcome meas-
ure and reason for inclusion; in Table S2 we present additional results for 
16 FTO SNPs on (A) body mass as BWT (mothers' and babies' geno-
types), early weight gain and BMI and (B) indices of fertility as age at 
first delivery and seasonality and Table S3 shows the distribution of BMI 
in Gambian study population.
Click here for file
[http://www.biomedcentral.com/content/supplementary/1471-
2350-10-21-S1.pdf]BMC Medical Genetics 2009, 10:21 http://www.biomedcentral.com/1471-2350/10/21
Page 7 of 8
(page number not for citation purposes)
Acknowledgements
We are grateful to the population of the West-Kiang region in The Gambia 
for participation in the original study on "Nutrient-gene regulation of birth 
size and post-natal growth in a rural African setting" (manuscript in prepa-
ration). We also thank all fieldworkers, drivers, data and laboratory staff in 
The Gambia. Further thanks go to Emily Lyons, Andrew Morris and Denise 
Brocklebank for sharing WTCCC information on genotype frequencies in 
Gambian controls and advising on the analysis. Funding: Medical Research 
Council.
References
1. Frayling TM, Timpson NJ, Weedon MN, Zeggini E, Freathy RM, Lind-
gren CM, Perry JR, Elliott KS, Lango H, Rayner NW, Shields B, Harries
LW, Barrett JC, Ellard S, Groves CJ, Knight B, Patch AM, Ness AR,
Ebrahim S, Lawlor DA, Ring SM, Ben-Shlomo Y, Jarvelin MR, Sovio U,
Bennett AJ, Melzer D, Ferrucci L, Loos RJ, Barroso I, Wareham NJ, et
al.: A common variant in the FTO gene is associated with
body mass index and predisposes to childhood and adult
obesity.  Science 2007, 316(5826):889-894.
2. Dina C, Meyre D, Gallina S, Durand E, Korner A, Jacobson P, Carlsson
LM, Kiess W, Vatin V, Lecoeur C, Delplanque J, Vaillant E, Pattou F,
Ruiz J, Weill J, Levy-Marchal C, Horber F, Potoczna N, Hercberg S, Le
Stunff C, Bougneres P, Kovacs P, Marre M, Balkau B, Cauchi S, Chevre
JC, Froguel P: Variation in FTO contributes to childhood obes-
ity and severe adult obesity.  Nat Genet 2007, 39(6):724-726.
3. Scuteri A, Sanna S, Chen WM, Uda M, Albai G, Strait J, Najjar S, Naga-
raja R, Orru M, Usala G, Dei M, Lai S, Maschio A, Busonero F, Mulas
A, Ehret GB, Fink AA, Weder AB, Cooper RS, Galan P, Chakravarti
A, Schlessinger D, Cao A, Lakatta E, Abecasis GR: Genome-Wide
Association Scan Shows Genetic Variants in the FTO Gene
Are Associated with Obesity-Related Traits.  PLoS Genet 2007,
3(7):e115.
4. Hinney A, Nguyen TT, Scherag A, Friedel S, Bronner G, Muller TD,
Grallert H, Illig T, Wichmann HE, Rief W, Schafer H, Hebebrand J:
Genome Wide Association (GWA) Study for Early Onset
Extreme Obesity Supports the Role of Fat Mass and Obesity
Associated Gene (FTO) Variants.  PLoS ONE 2007, 2(12):e1361.
5. Gonzalez-Sanchez JL, Zabena C, Martinez-Larrad MT, Martinez-Cala-
trava MJ, Perez-Barba M, Serrano-Rios M: Variant rs9939609 in
the FTO gene is associated with obesity in an adult popula-
tion from Spain.  Clin Endocrinol (Oxf) 2009, 70(3):390-3. Epub 2008
Jun 27
6. Haupt A, Thamer C, Machann J, Kirchhoff K, Stefan N, Tschritter O,
Machicao F, Schick F, Haring HU, Fritsche A: Impact of Variation
in the FTO Gene on Whole Body Fat Distribution, Ectopic
Fat, and Weight Loss.  Obesity (Silver Spring) 2008,
16(8):1969-1972.
7. Qi L, Kang K, Zhang C, van Dam RM, Kraft P, Hunter D, Lee CH, Hu
FB: Fat mass-and obesity-associated (FTO) gene variant is
associated with obesity: longitudinal analyses in two cohort
studies and functional test.  Diabetes 2008, 57(11):3145-3151.
8. Saunders CL, Chiodini BD, Sham P, Lewis CM, Abkevich V, Adeyemo
AA, de Andrade M, Arya R, Berenson GS, Blangero J, Boehnke M,
Borecki IB, Chagnon YC, Chen W, Comuzzie AG, Deng HW, Duggi-
rala R, Feitosa MF, Froguel P, Hanson RL, Hebebrand J, Huezo-Dias P,
Kissebah AH, Li W, Luke A, Martin LJ, Nash M, Ohman M, Palmer LJ,
Peltonen L, et al.: Meta-Analysis of Genome-wide Linkage Stud-
ies in BMI and Obesity.  Obesity (Silver Spring) 2007,
15(9):2263-2275.
9. Ioannidis JP, Patsopoulos NA, Evangelou E: Heterogeneity in
meta-analyses of genome-wide association investigations.
PLoS ONE 2007, 2(9):e841.
10. Scott LJ, Mohlke KL, Bonnycastle LL, Willer CJ, Li Y, Duren WL,
Erdos MR, Stringham HM, Chines PS, Jackson AU, Prokunina-Olsson
L, Ding CJ, Swift AJ, Narisu N, Hu T, Pruim R, Xiao R, Li XY, Conneely
KN, Riebow NL, Sprau AG, Tong M, White PP, Hetrick KN, Barnhart
MW, Bark CW, Goldstein JL, Watkins L, Xiang F, Saramies J, et al.: A
genome-wide association study of type 2 diabetes in Finns
detects multiple susceptibility variants.  Science 2007,
316(5829):1341-1345.
11. Li H, Wu Y, Loos RJ, Hu FB, Liu Y, Wang J, Yu Z, Lin X: Variants in
the fat mass- and obesity-associated (FTO) gene are not
associated with obesity in a Chinese Han population.  Diabetes
2008, 57(1):264-268.
12. Horikoshi M, Hara K, Ito C, Shojima N, Nagai R, Ueki K, Froguel P,
Kadowaki T: Variations in the HHEX gene are associated with
increased risk of type 2 diabetes in the Japanese population.
Diabetologia 2007, 50(12):2461-2466.
13. Cha SW, Choi SM, Kim KS, Park BL, Kim JR, Kim JY, Shin HD: Rep-
lication of genetic effects of FTO polymorphisms on BMI in
a Korean population.  Obesity (Silver Spring) 2008,
16(9):2187-2189.
14. Chang YC, Liu PH, Lee WJ, Chang TJ, Jiang YD, Li HY, Kuo SS, Lee
KC, Chuang LM: Common variation in the fat mass and obes-
ity-associated (FTO) gene confers risk of obesity and modu-
lates BMI in the Chinese population.  Diabetes 2008,
57(8):2245-2252.
15. Tan JT, Dorajoo R, Seielstad M, Sim XL, Ong RT, Chia KS, Wong TY,
Saw SM, Chew SK, Aung T, Tai ES: FTO variants are associated
with obesity in the Chinese and Malay populations in Singa-
pore.  Diabetes 2008, 57(10):2851-2857.
16. Omori S, Tanaka Y, Takahashi A, Hirose H, Kashiwagi A, Kaku K,
Kawamori R, Nakamura Y, Maeda S: Association of CDKAL1,
IGF2BP2, CDKN2A/B, HHEX, SLC30A8, and KCNJ11 with
susceptibility to type 2 diabetes in a Japanese population.
Diabetes 2008, 57(3):791-795.
17. Ng MC, Park KS, Oh B, Tam CH, Cho YM, Shin HD, Lam VK, Ma RC,
So WY, Cho YS, Kim HL, Lee HK, Chan JC, Cho NH: Implication
of genetic variants near TCF7L2, SLC30A8, HHEX,
CDKAL1, CDKN2A/B, IGF2BP2, and FTO in type 2 diabetes
and obesity in 6,719 Asians.  Diabetes 2008, 57(8):2226-2233.
18. Al-Attar SA, Pollex RL, Ban MR, Young TK, Bjerregaard P, Anand SS,
Yusuf S, Zinman B, Harris SB, Hanley AJ, Connelly PW, Huff MW,
Hegele RA: Association between the FTO rs9939609 poly-
morphism and the metabolic syndrome in a non-Caucasian
multi-ethnic sample.  Cardiovasc Diabetol 2008, 7:5.
19. Ohashi J, Naka I, Kimura R, Natsuhara K, Yamauchi T, Furusawa T,
Nakazawa M, Ataka Y, Patarapotikul J, Nuchnoi P, Tokunaga K, Ishida
T, Inaoka T, Matsumura Y, Ohtsuka R: FTO polymorphisms in
oceanic populations.  J Hum Genet 2007, 52(12):1031-1035.
20. Grant SF, Li M, Bradfield JP, Kim CE, Annaiah K, Santa E, Glessner JT,
Casalunovo T, Frackelton EC, Otieno FG, Shaner JL, Smith RM, Imie-
linski M, Eckert AW, Chiavacci RM, Berkowitz RI, Hakonarson H:
Association analysis of the FTO gene with obesity in children
of Caucasian and African ancestry reveals a common tagging
SNP.  PLoS ONE 2008, 3(3):e1746.
21. Prentice AM: Starvation in humans: evolutionary background
and contemporary implications.  Mech Ageing Dev 2005,
126(9):976-981.
Additional file 2
Figure S2: Location of polymorphisms genotyped across FTO locus and 
Linkage disequilibrium structure in different populations. Heat maps 
based on Gambian and HapMap YRI comparative data of the LD struc-
ture of a section of the FTO gene is shown in Figure S2.
Click here for file
[http://www.biomedcentral.com/content/supplementary/1471-
2350-10-21-S2.pdf]
Additional file 3
Methods S1: Detailed statistical methods of measures of body mass 
and reproductive success. The data provided represents the construction 
of weight-for-height z-score, analysis of female fertility (including age at 
first delivery, and seasonality of birth). Figure S1 shows the empirical dis-
tribution functions for births before and after 1980 and the fitted distri-
bution function based on the pooled data.
Click here for file
[http://www.biomedcentral.com/content/supplementary/1471-
2350-10-21-S3.pdf]Publish with BioMed Central    and   every 
scientist can read your work free of charge
"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published  immediately upon acceptance
cited in PubMed and archived on PubMed Central 
yours — you keep the copyright
Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp
BioMedcentral
BMC Medical Genetics 2009, 10:21 http://www.biomedcentral.com/1471-2350/10/21
Page 8 of 8
(page number not for citation purposes)
22. Rayco-Solon P, Fulford AJ, Prentice AM: Differential effects of sea-
sonality on preterm birth and intrauterine growth restric-
tion in rural Africans.  Am J Clin Nutr 2005, 81(1):134-139.
23. Miller SA, Dykes DD, Polesky HF: A simple salting out procedure
for extracting DNA from human nucleated cells.  Nucleic Acids
Res 1988, 16(3):1215.
24. Gabriel SB, Schaffner SF, Nguyen H, Moore JM, Roy J, Blumenstiel B,
Higgins J, DeFelice M, Lochner A, Faggart M, Liu-Cordero SN, Rotimi
C, Adeyemo A, Cooper R, Ward R, Lander ES, Daly MJ, Altshuler D:
The structure of haplotype blocks in the human genome.  Sci-
ence 2002, 296(5576):2225-2229.
25. Diggle JP, Heagerty P, Liang K-Y, Zeger SL: The Analysis of Longitudinal
Data 2nd edition. Oxford University Press; 2002:70-80. 
26. Baltagi BH: Econometric Analysis of Panel Data.  2nd edition.
New York: Wiley and Son; 2001. 
27. Collinson A, Moore S, O'Connell M, Charalambos C, Prentice A:
Developmental changes in leptin as a measure of energy sta-
tus in human infants in a natural ecologic setting.  Am J Clin
Nutr 2005, 81(2):488-494.
28. Lopez-Bermejo A, Petry CJ, Diaz M, Sebastiani G, de Zegher F,
Dunger DB, Ibanez L: The association between the FTO gene
and fat mass in humans develops by the postnatal age of two
weeks.  J Clin Endocrinol Metab 2008, 93(4):1501-1505.
29. Jess T, Zimmermann E, Kring SI, Berentzen T, Holst C, Toubro S,
Astrup A, Hansen T, Pedersen O, Sorensen TI: Impact on weight
dynamics and general growth of the common FTO
rs9939609: a longitudinal Danish cohort study.  Int J Obes (Lond)
2008, 32(9):1388-1394.
30. Jacobsson JA, Danielsson P, Svensson V, Klovins J, Gyllensten U, Mar-
cus C, Schioth HB, Fredriksson R: Major gender difference in
association of FTO gene variant among severely obese chil-
dren with obesity and obesity related phenotypes.  Biochem
Biophys Res Commun 2008, 368(3):476-482.
31. Fulford AJ, Rayco-Solon P, Prentice AM: Statistical modelling of
the seasonality of preterm delivery and intrauterine growth
restriction in rural Gambia.  Paediatr Perinat Epidemiol 2006,
20(3):251-259.
32. Gerken T, Girard CA, Tung YC, Webby CJ, Saudek V, Hewitson KS,
Yeo GS, McDonough MA, Cunliffe S, McNeill LA, Galvanovskis J,
Rorsman P, Robins P, Prieur X, Coll AP, Ma M, Jovanovic Z, Farooqi
IS, Sedgwick B, Barroso I, Lindahl T, Ponting CP, Ashcroft FM,
O'Rahilly S, Schofield CJ: The obesity-associated FTO gene
encodes a 2-oxoglutarate-dependent nucleic acid demethyl-
ase.  Science 2007, 318(5855):1469-1472.
33. Wardle J, Carnell S, Haworth CM, Farooqi IS, O'Rahilly S, Plomin R:
Obesity associated genetic variation in FTO is associated
with diminished satiety.  J Clin Endocrinol Metab 2008,
93(9):3640-3643.
34. Wardle J, Llewellyn C, Sanderson S, Plomin R: The FTO gene and
measured food intake in children.  Int J Obes (Lond) 2009,
33(1):42-45.
35. Cole TJ, Freeman JV, Preece MA: Body mass index reference
curves for the UK, 1990.  Arch Dis Child 1995, 73(1):25-29.
Pre-publication history
The pre-publication history for this paper can be accessed
here:
http://www.biomedcentral.com/1471-2350/10/21/pre
pub